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I. INTRODUCTION

Radio astronomy is a recent branch of astronomy concerned with the
study of the universe by means of radio techniques. The necessity for special-
ized radio astronomy instrumentation, capable of detecting very low-power
signals from radio sources, has led to the development of high-gain directive
antennas and low-noise receivers, This report concerns the design and con-
struction of a transistorized amplifier suitable for use in radio astronomy or
other applications requiring a low-noise wideband amplifier,

A, Radiometers Used in Radio Astronomy

The electromagnetic radiation of hot bodies is a fundamental
property of matter, Since the power density of the signal received from
the thermal radiation of a body is proportional to its temperature, radio
astronomers commonly express the sensitivity of the receiving system in
terms of the minimum temperature change, in degrees Kelvin, which can
be detected.l Thermal radiation is an essentially incoherent radiation hav-
ing the statistical characteristics of noise, similar to that generated in
receivers. 2.3 Consequently, any noise generated in the receiver or random
changes in the power gain of the system will lead to error when very low-
level noise signals are received,

The sensitivity of a simple radio telescope, which records
the total output power of the receiver, is limited because any gain change

in the receiver shows up directly in the recorded output. The development



of radiometers using special comparison switching techniques has circum-
vented this strong dependence on receiver gain stability., In the switched
input radiometer, first described by Dicke4, the input signal to the receiver
is modulated by a switch driven at a low frequency. The receiver input is
switched between a reference temperature source and the received noise
temperature at the antenna. The difference in the two temperatures appears
as modulation of the receiver power level and is converted into a dc signal
by synchronously detecting the video output of the receiver,

The major advantage of the switched input radiometer lies in
the fact that it is not subject to large changes in the output level as a result
of gain variations of the receiver. In the unswitched type of radiometer, a
change in output level equal to the percentage gain change times the input
noise temperature is observed. In contrast, the switched input radiometer
exhibits a change in output level equal to the percentage gain change times
the difference in input noise temperature and reference temperature.

B. Radiometer Sensitivity

In addition to gain changes, the radiometer output level is
also a function of receiver bandwidth, noise figure, and output integration
time. A generalized expression for the minimum detectable noise signal
temperature for the switched input radiometer can be given by

(F-1)T_ (G- G_)
AT = K[ + (T_-T,+ Ta):' (1)
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where

AT B the minimum detectable temperature change

K = a system constant

F = the system noise figure

T0 = reference ambient temperature, 290°K

B = the predetection bandwidth

T = output integration time

Gt = the gain of the receiving system at time t

G, = the average value of Gt over T

Tr = the reference temperature observed by the receiver

Td = antenna terminal temperature observed by the
receiver, and

Ta = the effective antenna temperature produced by the

source,
C. Amplifier Requirements

The radiometer in present use at the Electrical Engineering
Research Laboratory of The University of Texas has a switched input milli-
meter wavelength crystal mixer superheterodyne receiver. An I[-F
amplifier having a center frequency of 30 mc or 60 mc and bandwidth of
about 10 mc is used, along with a synchronous detector. From Equation (1),
it can be seen that the system can be considerably improved by increasing
the IF-F" amplifier bandwidth and output integration time. As a result, a
transistorized amplifier with a bandwidth of 100 mc, a low noise figure,
and a power gain of 70 to 80 db was proposed. Gain stability with respect
to time, temperature, and supply voltage variations were also prime con-
siderations in the proposed amplifier. The present radiometer uses a

balanced crystal mixer, in the form of a hybrid waveguide junction, known



as a '""Magic T," which produces an improvement in noise figure over the
conventional single-ended crystal mixer.5 Therefore, the amplifier should
have a balanced input impedance of 300 to 600 ohms, depending on the crystal
mixer biasing. The output impedance of the amplifier should be suitable for

a high impedance video detector.



II. WIDEBAND AMPLIFIERS

Several methods can be used to obtain large bandwidths in transis-
torized amplifiers, The most common methods used are stagger-tuning
of stages, frequency response shaping by compensation networks, broadband
interstage transformers, and frequency-dependent feedback.

A. Transistor Characteristics

Transistors designed for use in VHF and UHF applications have
areasonably low noise figure which is nearly constant from about 1 mc to above
100 mc, gradually increasing at higher frequencies, This noise figure char -
acteristic indicates that a low center frequency should be used in the proposed
transistorized amplifier. However, the low-frequency edge of the passband
should be above the highly congested high-frequency bands., In view of these
factors, a center frequency of 100 mc was chosen for the amplifier,

The wide passband of 100 mc and the relatively low center
frequency of 100 mc seem to rule out the use of the stagger-tuned-stage ampli-
fier configuration, since a very low tuned circuit Q and a large number of
stages would be required.

The common-emitter and the common-base amplifier configura-
tions offer the best characteristics for high power gain. However, both
present difficulties in obtaining the required constant power gain over the

100-mc bandwidth, Above fh the short-circuit emitter cutoff frequency

fe’

(about 30 mc in most UHF transistors), the common-emitter amplifier current




gain decreases at a rate of about 6 db per octave up to fT, the frequency at
which the short-circuit current gain is 0 db, This latter frequency is com-
monly called the gain-bandwidth product,.

The common-base transistor amplifier configuration exhihits
a nearly constant forward current gain, slightly less than unity, up to fhfb’

the short-circuit common-base current gain cutoff frequency. Most UHF

transistors have an fh of several hundred megacycles. However, the

fb
common-base amplifier output impedance must be greater than the input
impedance for any power gain realization.
B. Amplifiers Using Wideband Transformers
Bell Telephone Laboratories have succeeded in designing some
miniature broadband toroid transformers for use in common-base transistor-
ized amplifiers having 20-to 50-mc bandwidths centered at 75 mc. " These
transformers are of the transmission line type and have a turns ratio of 2:1,
which gives a 4:1 impedance transformation and, consequently, a power gain
of about 6 db per stage. Sufficient design data was not available for duplica-
tion of the wideband transformers.
C. High-Frequency Compensation Networks
Some shaping of gain-frequency characteristics of the common-
emitter transistor amplifier is possible by using high-frequency compensation
or equilization networks. A network with a decreasing attenuation of 6 db

per octave over the desired bandwidth can be used to offset the current gain

falloff of the transistor. However, this method of gain-frequency shaping




becomes increasingly difficult when used for large bandwidths at low frequen-
cies. The Bell Telephone Laboratories have used this technique for low-noise
input stages in I-F amplifiers with bandwidths of up to 50 mc, 8,9
D. Amplifiers with Frequency-Dependent Feedback
Perhaps the best way to obtain large bandwidths is by using
negative feedback to reduce the low-frequency gain of the common-emitter
transistor amplifier and removing the feedback at higher frequencies, This
can be accomplished by using a frequency-dependent shunt feedback network
in the form of a series R-L network between the collector and base of the
transistor amplifier, 9,10 The low-frequency power gain is determined by
the series resistor,and the inductive reactance effectively removes the feed-
back at high frequencies. This low~pass amplifier configuration is quite
flexible in that gain and bandwidth can easily be exchanged, with the resultant

gain-bandwidth product approximately given by f In addition, input imped-

T
ance is decreased and can be made nearly constant by proper choice of the

feedback network, A high-pass filter can be incorporated in the amplifier

to attenuate frequencies below 50 mec.



III. SHUNT FEEDBACK AMPLIFIER DESIGN

Since the overall noise figure of an amplifier is essentially determined
by the noise figure and gain of the input stages, more expensive low-noise
transistors with a large gain-bandwidth product, fT’ are desirable in the front
end of the amplifier. Silicon transistors were preferred for the amplifier
because of their higher temperature operating limits., The 2N2857 silicon NPN
transistor, with a 1000-mc¢ fTand a low noise figure, was chosen for the first
two stages of the amplifier. A less expensive transistor, the 2ZN2708, also a
silicon NPN, was chosen for the remaining stages., This transistor has a
minimum fT of 700 mc, Manufacturer's specification sheets for the two tran-
sistors are shown in Appendices 1 and 2,

A, Small-Signal Model

By using negative shunt feedback, the operating characteristics
of the common-emitter transistor amplifier can be considerably modified.
The small-signal admittance parameter transistor model, shown in Fig, l-a,
will be used to show the effect of negative shunt feedback., The current gen-

erator in the input, VeV is the result of internal feedback in the transistor

27
and may be neglected, since the external feedback will be much greater., In
addition, the output admittance, Yoo is much smaller than the load admittance,
YL’ and also can be neglected. The small-signal admittance parameter model
can be considerably simplified, as shown in Fig. 1-b.

B. Voltage and Current Gain Characteristics

The following equations may be written for the circuit in Fig. 1l-b:
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Vie ¥ YpIVi - Ypvp 7 ) (2)

(yfe - YF)v1 + (YL + YF)VZ =0 (3)

The voltage gain, Av’ for the circuit can be obtained from Eq. (3).

"2 Ote ~Yg!
AT T @ Y *
1 L F

Expressions for the current gain, Ai’ in terms of the admittance parameters.

input and output admittances, and hfe’ the short-circuit common-emitter

current gain, can be given by:

i Y
2 L
Ai Toi, Av Y. hfe (5)
1 1
where
= h 6
Yfe yie fe ()

Since the input admittance, Yi' of one stage is the output load admittance,
YL’ of the preceeding stage, the interstage current gain has the same magni-
tude as the voltage gain.

The effect of the shunt feedback network on the current gain

can be found from Equations (2), (5), and (6). The current gain for the cases

of no feedback, resistive feedback, and series R-L feedback is shown
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10,11 .
It can readily be seen that the low-frequency

qualitatively in Fig. 2-a.
current gain is decreased and the high-frequency current gain increased
by the series R-L feedback network,

C. Input Impedance Characteristics

The input admittance of the equivalent circuit shown in

Fig. 1-b may be found by combining Equations (2), (3), and (4).

1

i
1
Yi = 2‘_1 = :,—1- = Yi¢+ YF(l-Av) . (7)

Remembering that AV is a negative quantity, the input admittance is
essentially determined by the voltage gain and feedback admittance, since
Yie is a relatively small quantity. The effect of negative shunt feedback
on the input impedance is shown qualitatively in Fig. Z-b.11 The input
impedance peaking with the series R-L feedback network is caused by the
resonant effect of the transistor input capacitance and the feedback
inductance. The input stage of the amplifier should have resistive shunt

feedback if a nearly constant input impedance is desired.
D. Feedback Network Component Values
An estimate of the component values of the R-L shunt feed-
back network may be made by first computing the approximate gain per stage
of the amplifier. The 2N2708 transistor has an fT of about 700 mc. For

an upper cutoff-frequency of 150 mc, the current gain of a single stage

will be 4.7, or 13.4 db. However, the gain loss due to input
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and output impedance mismatching is high, so that in practice a gain of about
3, or 10 db, per stage can be expected. To simplify calculations, the magni-
tude of hfe’ which is decreasing at about 6 db per octave over the frequency
range of interest, will be uscd.

By combining Equations (4) through (6), an expression relating
the feedback admittance, desired low-frequency current gain, and the transis-

tor parameters may be obtained,

Yie (hfe B Ai)
Yp= (8)
Yie
1+ Ai [1+ "%-;(l‘r hfe)jl

The magnitude of h o at the low-frequency edge of the passband can be found by

f
dividing fT by 50 mc. Using the resulting value of 14 for hfe’ a load impedance
of 50 ohms, a current gain of 3, and the magnitude of Vie from the specification

sheet of Appendix 1, the feedback admittance, Y_,, is found to be about 3.7

F
millimhos, or 270 ohms.

The high-frequency response of the amplifier may be increased
by peaking the input impedance slightly below 150 mc, This can be accom -
plished by setting the inductive reactance of the feedback network equal to the
capacitive reactance of Vier From the specification sheet of the 2N2708, the
reactive part of Yie is about +3 millimhos at 150 mc. From Equation (7), it

is found that a feedback inductor value of about 1 microhenry is necessary to

cancel the capacitive reactance of Yie® However, circuit capacitance was
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not included in the calculation, so the actual value of feedback inductance will
be considerably smaller than the calculated value,

A resistor shunted across the feedback inductor, as shown in
Fig. 3, is used to damp the resonant effect of the inductor and input capaci-
tance. Thus, a wide range of gain control over the amplifier passband is
available by proper choice of feedback network component values,

E. Transistor Biasing

The next problem is to calculate the values of the biasing
resistors for the transistors. The two input stages should have a dc quie‘s-
cent point which optimizes the noise figure of the transistor. From the
specification sheet of the ZN2857 in Appendix 2, the dc points consistant
with a low noise figure are VCE = 6 volts and IC = 1.5 ma. The voltage
across the emitter biasing resistor, RE, should be large enough to swamp
out VBE’ which is about 600 mv for silicon transistors. Assuming a supply
voltage of 12 volts, the dc voltage across RE can be set at 6 volts by using a
radio-frequency choke from collector to ground. For a collector current of
1.5 ma, RE should then be 3900 ohms,

The base biasing voltage, which should be 6. 6 volts, is supplied

by a resistive voltage divider, R_, and RBZ’ as shown in Fig. 3, Values of

Bl
4700 ohms and 5600 ohms are chosen for these two resistors.

The dc operating point for the interstage transistors should

optimize the power gain, The specification sheet of the 2N2708 in Appendix I
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indicates that h. is within 5% of its maximum value withI _ = 5ma., V
fe C CE

is again set at 6 volts and, consequently, RE should be 1200 ohms. The voltage

divider resistors for the base biasing voltage have the same values as before,



IV, EXPERIMENTAL DATA

The desired characteristics of the proposed I-F amplifier,

previously discussed in the initial pages of this report, are:

(1) bandwidth of 100 mc centered at 100 mc

(2) low noise figure

(3) power gain of 70 to 80 db

(4) flat frequency response

(5) balanced input impedance of 300 to 600 ohms

(6) high gain stability, and

(7) output suitable for a high impedance video detector.

A, Test Equipment Layout

Block diagrams of the test equipment layout used in
building the amplifier are shown in Fig. 4. The signal generator shown
in Fig. 4-a was modulated with a l-kc sine wave, permitting the use of
low-frequency measuring instruments. The attenuation network consisted
of a 100-db range attenuator, calibrated to 1 db, and a 10-db precision
attenuator, calibrated to 2/10 db. Initially, the load impedance of the
amplifier was set at 50 ohms. The insertion gain versus frequency of
the amplifier was measured by using a video crystal detector and a low-
frequency oscilloscope or VITVM.

The block diagram in Fig. 4-b shows the method used in
measuring the noise figure of the amplifier. The noise generator used

provided either balanced or unbalanced inputs for the amplifier. The

17
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noise figure was found by first noting the dc output voltage of the amplifier,
inserting the 3-db pad, and increasing the output level of the noise
generator until the dc output voltage returned to its initial value. The
noise figure of the amplifier could then be read directly from the noise

generator.

B. Single-Stage Amplifier
A single-stage amplifier using the 2N2708 transistor was
constructed and insertion gain versus frequency measured for several
values of shunt feedback impedance. A circuit diagram of the amplifier
is shown in Fig. 3 and the gain-frequency characteristics are shown in
Figs. 5 and 6. The peaking effect of the inductors in the feedback network

is evident in Fig. 6.

C. Four-Stage Amplifier

Next, a four-stage amplifier using 2N2708 transistors was
constructed. A slight gain instability was noted and apparently was due
to a low-frequency resonant effect between the collector radio-frequency
choke and circuit capacitance. A 1000-ohm resistor placed in parallel
with the choke effectively damped the resonance and stabilized the ampli-
fier. In addition, a metal cover over the bottom of the amplifier chassis
was necessary to prevent instability from input stage pickup of stray fields.
A circuit diagram of the four-stage amplifier is shown in Fig. 7 and the
frequency response for various values of feedback impedance is shown in

Figs. 8 through 10, The effects of changing one feedback network
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component value while holding the other values constant clearly indicate
the wide range of gain control available over the passband.
D. Output Saturation by Noise Voltage

The maximum output voltage of the ZN2708 transistor, with
shunt feedback from collector to base and a load impedance of 50 ohms, was
found to be about 100 millivolts peak-to-peak, due to a combination of low
voltage gain, input saturation, and feedback limiting of the collector
current swing. The noise voltage generated across the source resistance,

12
Rs’ is given by:

2
E_ = 4kTBR (9)
s s
where
2 .
Es = the mean square noise voltage
k = Boltzmann's constant, 1.372 x 10-23jou1es per degree Kelvin
T = temperature in degrees Kelvin
B = bandwidth in cycles per second, and
R = the source resistance.

s

For a temperature of 290°K and a bandwidth of 100 mc, the noise voltage
across a 50~-ohm source resistor will be 8. 9 microvolts rms. For a noise-
less amplifier with a power gain of 80 db, the output voltage due to input
noise voltage across the source resistance will be 89 millivolts. Additional
noise from the transistors and any increase in bandwidth will then saturate
the output stage of the amplifier. Consequently, the maximum power gain

of an amplifier using the 2N2708 transistor with shunt feedback and a load
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resistance of 50 ohms will be about 70 db.

E. Seven-Stage Amplifier

Next, a seven-stage amplifier, with low-noise 2N2857
transistors in the first two stages and 2N2708 transistors in the remaining
stages, was constructed. Photographs of the amplifier are shown in
Figs. 1l and 12. A three-stage amplifier, also shown in the photographs,
was originally constructed; but difficulty in working in the limited chassis
space prompted the construction of a more spacious multi-stage amplifier
chassis for experimental work. Consequently, data is not given for the
three-stage amplifier. A circuit diagram of the seven stage amplifieris
shown in Fig. 13. The transformer shown in the input circuit will be
discussed in the next section.

Initially, the feedback network component values, given in
Table 1-a, were adjusted to give a relatively flat frequency response over
the 100-mc passband, as shown in Fig. 14. However, the noise figure of
the amplifier was found to be excessive. Completely removing the feed-
back from the first stage of the amplifier considerably improved the noise
figure, as indicated in Table 1-b. Unfortunately, the input impedance of
the amplifier is no longer constant over the 100-mc passband. An attempt
was made to measure the input admittance of the amplifier input stages,
but the test equipment available was not capable of operating at power
levels below the transistor input saturation point. However, a rough esti-

mate of the input admittance of the amplifier can be made from Vi of the

2N2857, given in Appendix 2.
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Stage Rp(ohms) Rp(ohms) L (ph) C_(pf)

1st 270 or 0 ' 0 1000
o (no feedback)
2nd 270 180 . 2-.3 1000
3rd 220 390 L 3-.6 1000
4th 220 390 . 2-.3 1000
5th 270 1 390 . 4-.9 1000
6th 270 390 . 3-.6 1000
7th 270 330 .4-.9 1000

Component Values

(a)

1st Stage, R_ = 270 ohms 1st Stage, R_ =« (no feedback)

F F
Noise Generator Noise Figure Noise Generator Noise Figure
Impedance(ohms) (db) Impedance(ohms) (db)
50 5.2 50 3.0
75 5.8 75 3.3
150 6.4- iSO | 3.5
300 8.0 300 3.8

Noise Figure, Direct Input
(b)

Seven-Stage Amplifier Component Values and Noise Figure

Table 1
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F. Impedance Matching for Balanced Input

Some wideband transformers were available for matching
the 300-to 600 ohm impedance of the balanced mixer to the unbalanced
input impedance of the transistor amplifier, approximately 70 ohms with
a feedback resistance of 270 ohms. Two transformers, having impedance
ratios of 600 ohms balanced to 75 ohms unbalanced and 300 ohms
balanced to 75 ohms unbalanced, were obtained. These wideband trans-
formers have very good impedance matching characteristics up to about
100 mc, as shown in the typical data sheets in Appendix 3. Since the
shunt feedback amplifier stage has a wide range of gain control over the
passband, the insertion loss falloff of the transformers above 100 mc
can easily be equalized by adjusting the feedback network component
values.

The frequency response of the seven-stage amplifier is
shown in Fig. 15. One side of the balanced input was terminated with a
150-or 300-ohm resistor, depending on the transformer used, and the
signal generator was applied to the other side. The noise figure of the
amplifier with the balanced transformer input is given in Table 2.
Again a considerable improvement in noise figure was apparent when the
feedback was removed from the first stage.

G. 100-Mc Bandwidth Amplifier
An attempt was made to attenuate the seven-stage low-

pass amplifier frequency response below 50 mc by inserting high-pass filters
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I l ’
i
lst Stage, Rp= 270 ohms ' 1st Stage, RF = o (no feedback) l
| i
Noise Generator Noise Figure Noise Generator Noise Figure
Impedance (ohms) (db) Impedance (ohms) (db)
| 100 8.5 100 6.1
150 8.7 150 6.1
300 | 9.5 300 | 6.1
600 ! 10.5 600 ‘ 6.5
Noise Figure for 600-ohm Balanced Transformer Input
(2)
i 1 R T
1st Stage, RF = 270 ohms 1st Stage, RF = o (no feedback)
Noise Generator @ Noise Figure . Noise Generator Noise Figure
Impedance (ohms) (db) Impedance (ohms) (db)
100 6.7 | 100 4.8
| 150 | 7.4 | 150 4.8
300 j 8.0 f 300 | 4.8 1
pa— i . e - .. e e e ————— e . PR — ———— e .g
600 | 9.5 600 5.3

—— i e At e e el 4 ¢ e e x e e e . e e et e emm o - - -

Noise Figure for 300-ohm Balanced Transformer Input

(b)

Seven-Stage Amplifier Noise Figure; Balanced Transformer Input

Table 2
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in several stages, but proved unsuccessful because of filter and feedback
reactance interaction. This reactance interaction seriously affected the

amplifier frequency response over the 100-mc passband and could not be

compensated for by adjusting the feedback network component values.

A much simpler method of attenuating the low-frequency
response of the amplifier was tried. Decreasing the coupling capacitors,
CC, presentedahigh series impedance between stages at low frequencies,
producing the required gain falloff below 50 mc. The low-frequency
attenuation from the coupling capacitors was not as great as that of the
high-pass filters, but adjustment of the feedback network component
values to compensate for coupling capacitance interaction with the feed-~
back reactance was possible., Values of the feedback network components
are given in Table 3-a and frequency response of the amplifier is shown
in Fig. 16, The increase in high-frequency gain necessary to compensate
for insertion loss falloff of the wideband transformers above 100 mc was
very evident in the frequency response of the amplifier with direct input,
as shown in Fig.. 16.

The noise figure of the 100-mc bandwidth amplifier, given in
Table 3-b, is higher than the noise figure for the seven-stage low-pass
amplifier. This is probably due to the improved noise figure of the tran-
sistors at lower frequencies and the pronounced gain peaking of the low-

pass amplifier in the 25-mc region.



Métage | RF(ohms) | RD(ohms)
1st o(no feedback) 0 -
2nd 270 470

3rd 270 680

4th | 220 470

5th 270 390

6th 270 | 390

7th . P;; - "‘;90 '

37

Lz (uh) C.(pf) |
0 '1000 f
.2-.3 15 |
.3-.6 47
.3-.6 30
.4-.9 1000
.3-.6 25
6 30

Component Values

(a)

600-ohm Balanced Transformer
Input, No Feedback lst Stage

Noise Generator Noise Figure
Impedance (ohms) | (db)

100 ; 6.7

150 | 7.5

300 : 7.6

600 8.7

300-ohm Balanced Transformer
Input, No Feedback lst Stage

Noise Generator Noise Figure

Impedance (ohms) (db)
100 6.3
150 1 6.7
300 % 7.0
{ A
i

600 8.5

Noise Figure, Balanced Transformer Input

(b)

Component Values and Noise Figure for Seven-Stage
100-Mc Bandwidth Amplifier

Table 3




GAIN — db

POWER

76

72

68

64

60

56

52

38

I ¥ T T T T 1 T

A.NO FEEDBACK IN FIRST STAGE,KDIRECT INPUT
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Time did not permit a thorough evaluation of the gain stability
of the 100-mc bandwidth amplifier, but preliminary tests indicated that
the gain variation due to a 4% supply voltage variation was about 1. 5%.
Future tests will be made on the temperature é.nd time stability of the
amplifier gain.

An additional 10-db gain, putting the total power gain of
the amplifier at about 75 db, was desired. The output load impedance
was increased to 1000 ohms in order to increase the output voltage swing;
but, since the amplifier output impedance was low, considerable mis-
matching existed, decreasing the power gain of the amplifier at high
frequencies. However, a common-base output stage, which would have
a low input impedance and a high output impedance, could be added to the
amplifier to provide both increased gain and output voltage. The addition
of this output stage will be made in the future, along with an investigation
of the mismatching between the wideband balanced transformers and the
input impedance of the amplifier, with feedback removed from the first

stage.



V. SUMMARY

The research described in this thesis concerns the design and
construction of a low-noise 100-mc bandwidth transistorized amplifier
suitable for research in radio astronomy. Several methods of obtaining
large bandwidths in transistorized amplifiers were discussed. The
common=~-emitter video amplifier configuration with frequency-dependent
negative shunt feedback was chosen for the wideband amplifier.

The flexibility of the shunt feedback amplifier in exchanging gain
and bandwidth was demonstrated in the section on experimental work.

The maximum power gain of the shunt feedback amplifier was found to
be about 70 db, due to the feedback-limited output voltage swing and
saturation from noise voltage.

Wideband balanced to unbalanced transformers were used to match
the amplifier to the 300-to 600-ohm balanced mixer impedance. Removing
the feedback from the first stage of the amplifier resulted in a considerable
improvement in noise figure, but at the expense of mismatching between
the wideband transformer and the amplifier input impedance, which was
no longer constant over the 100-mc passband.

Attenuation of frequencies below 50 mc in the wideband video
amplifier was accomplished by adjustment of the coupling capacitors
between stages. The seven-stage amplifier had a gain of about 65 db,
flat to within 1. 5 db over the 100-mc passband, and a noise figure of 7.0

db for a 300-ohm balanced input and 8.7 db for a 600-ohm balanced input.

40
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Preliminary gain stability tests indicated that a 4% variation in supply
voltage produced a 1. 5% change in the power gain.

Future work on the wideband amplifier will include a thorough
investigation of gain stability and mismatching effects between the
balanced transformer and input impedance of the amplifier. Also,
an attempt to increase the power gain by the addition of a common-base

output stage will be made.
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APPENDIX 1



RCA-2N2708 1s a silicon n-p-n double-
diffused epitaxial-type planar transistor
intended for amplifier,

mixer,

from 200 to 500 Mc.

The 2N2708 utilizes a 4-lead package

that has the same case dimensions as the

JEDEC TO-18 package.

e high gain-bandwidth product (fy)
700 Mc min.

e low collector-to-base time constant(rwc ) e high max. unneutralized power gain (G

33 psec max.

Maximum Ratings, 4bsolute-Maximum Values:
COLLECTOR-TO-BASE VOLTAGE, Vcpg . -
COLLECTOR-TO-EMITTER VOLTAGE, VCEQ-
EMITTER-TO-BASE VOLTAGE, Vgpp -
COLLECTOR CURRENT Ic. .
TRANSISTOR DISSIPATION:
At free-air temperatures -—
Up to 25° C .
Above 25° C

TEMPERATURE :
Storage . .
Operating (Juncnon)

Leads — At distances not less than 1/16“
from seating surface for 10 sec. max.
(during soldering). . .

* Limited by power dissipation.

and oscil-
lator applications in the frequency range

Variation of Small-Signal "Y"

COMMON —EMITTER CIRCUIT, BASE INPUT, (11 [ 1T SpRs
SHORT—CIRCUITED OUTPUT. b i LT
FREQUENCY =200 Mc it i1
FREE —AIR TEMPERATURE =25° C
LR TR
125 4
o T H HIIr ans
o Sgusuns T
og T RSanitas f:”..f;,% - ~91i| »
22 10 3N
=5 P £H11)§<‘“4? THEH
§T [l je8a 5? ogarunasln
Iz SN
2e T IO
T : +
T T
2% VeE 25 8
o« = i+ ]
NN - 16T bie T Bt
2 8250 S En ! m T
i iensdtnsagRESSRRRRECESURTS SR RNA SAS 1 ]
BudSuBRARAURR uE T T T T

[ 5 10 15 20
COLLECTOR MILLIAMPERES (I¢)

92C$ 11932

Fig.1

For VHF

SILIGON N-P-N EPITAXIAL | .
PLANAR TRANSISTOR |

and UHF Applications

e high max. neutralized power gain (G e)

I5 db min. at 200 Mc
pe)
12db typ. at 200 Mc
RF SERVICE
35 max. volts
20 max. volts
. 3 max. volts
* max. ma
200 max. mw
. . . Derate linearly
1. 14 mw/oC
-65 to +200 °c
200 max °c
230 max. °c
Parameters (Typical) for Type 2N2708
COMMON—EMITTER CIRCUIT, BASE INPUT, | :} : E ti:L JhL
SHORT ~CIRCUITED OUTPU Vit BRak: H gn
FREQUENCY = 200 Mc SRR S uh S BEEE! r
FREE —AIR TEMPERATURE =25° C RSsgsEByREE
iR TEER A2 i
T HEH T H T E R e iy
mQSG {11 4 A R L
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0 5 10
COLLECTOR MILLIAMPERES (I¢)
92C5—11934
Fig.2
£ 2N2708 3-63
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ELECTRICAL CHARACTERISTICS, Free-Air Temperature = 25° C, Unless Otherwise Specified

TEST CONDITIONS LIMITS
nC DC nec Type
Characteristic Symbol [Collector|Emitter Current 2N2708 Units
Volts Yolts |(Milliamperes)
ves | Vee YEB Ilg [ 18] I¢c |[|Min.[Max.
. _2%5°C 15 0 - 10.01 La
Collector-Cutoff Current: Tfp 1500 C Icpo 15 0 ) 1 1
Collector-to-Base Breakdown Voltage BVcBo 0 1 palf 35 | - [volts
Collector-to-Emitter Breakdown Voltage? Bchod 0] 3 20 - |volts
DC Forfvard-Current Transfer Ratio hFE 2 2 36 | 200
Magnitude of Small-Signal Forward-Current the 1 15 9 7 12
Transfer Ratio (Measured at 100 Mc) fe
Small-Signal Forward-Current h 15 2 30 | 180
Transfer Ratio (at f = 1 ke) fe 8
Emitter-to-Base Breakdown Voltage BVEpo 10 pa 0 3 - |volts
Output Capacitance (Measured at 140 Kc;
see Fig.3)b Cop | 15 0 R pf
Input Capacitance (Measured at 140 Kc;
see Fig.3)b Cib 0.5 0 1.4(typ)) pf
Collector-to-Base Time Constant .
(Measured at 31.9 Mc)© b Ce | 15 2 15 33| psec
Transconductance
(Measured at 200 Mc) En 15 2 25 (typ.) | mmho
Small-Signal Common Emitter Power Gain,
Neutralized (Measured at 200 Mc; Gpe 15 2 15 22 db
see Fig 11)¢
Small-Signal Common Emitter Power Gain,
Unneutralized (Measured at 200 Mc) Gpe 15 2 12 (typ.) db
Noise Figure:
NF 15 2 - . db
f = 200 Mc, source resistance = 50 ohms ‘ 8.5
2 pulse duration < 300 usec; duty factor < 1%. b With lead No.4 (case) not connected. € Lead No.4 grounded.

d Sust aining voltage.

Cop = capacitance between base and collector (with
collector reverse biased and emitter open)
¥ith case ungrounded:

Cob = C2 C3/(Cz *+ C3) + Ca3 + Cpc
Since C; = C3,

m LERD Cob = 0.9 pf/2 + 0.6 pf + Co
TO CASE = 1.05 pf + Cbe

¥ith case grounded:
Cob = €23 * Cbc + C3

Cip = capacitance between base and emitter (with.
emitter reverse biased and collector open)

¥ith case ungrounded:

Cib = € C1/(Cp + €1) * € + Cre
0.95 pf + Cqg

92CS-11931 With case grounded:

Cib =Cqp + Crg + Cp

#t

0.5 (approx.) pf
0.6 (approx.) pf CTg = intrinsic base-to-emitter junction capacitance

C3 = 0.9 (approx.) pf C12
(approx.) pf C3y

Cbc = intrinsic base-to-collector junction capacitance

Fig.3- Relationship of Capacitances C,p, Ciy, C%:c,and CTE'



Variation of Small-Signal "Y" Parameters (Ty.pical) for Type 2N2708

-

COMMON-EMITTER CIRCUIT,
SHORT—CIRCUITED INPUT.
FREQUENCY=200 Mc
FREE-AIR TEMPERATURE=25° C
T
T11
025
Sg
~3 COLLECTORTTOZEMITT
] Q- ~
5—1:‘ 2 OLTS: S
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- @
O o
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22
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20 s (=t g (]
@ 00 =
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L
Q 5 1o 15 20
COLLECTOR MILLIAMPERES (I¢)
92CS-11936
Fig.4
COMMON—EMITTER CIRCUIT,
SHORT -~ CIRCUITED INPUY.
COLLECTOR-TO EMITTER VOLTS (Vcg)=I5
COLLECTOR MILLIAMPERES (Ig)=2
FREE —AIR TEMPERATURE =25° ¢
6 &
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Fig.6

COMMON-EMITTER SIRCUIT, BASE NPT,
—CIRCUITED OUTP!
COLLECTOR-To - e ek VoLTs (Veg)*15

COLLECTOR MILLIAMPERES (I¢)=2
FREE~AIR TEMPERATURE =25° C
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OMMON —EMITTER CIRCUIT.

SHORT — CIRCUIT]| D INPUT.

FREOUEN Y =
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Fig.5
COMMON—EMITTER CIRCUIT, BASE INPUT,
SHORT—CIRCUITED OUTPUT,
COLLECTOR—TO-EMITTER VOLTS (Vcg)=I5
COLLECTOR MILLIAMPERES (Ic)=2
FREE—AIR TEMPERATURE =25° C
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COMMON—EMITTER CIRCUIT, SHORT-CIRCUITED INPUT.
COLLECTOR-TO-EMITTER VOLTS (Vcg)=I5 H
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Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of RCA.



2N2708

12f R COMMON-EMITTER CIRCUIT, BASE INPUT, DIMENSIONAL OUTLINE
B s sasasin Toads) T -CIRCUTED OUTRUT.
TR TN FREQUENCY =100 Mc "
5 aisss 1 COLLECTOR-TO-EMITTER VOLTS 230V MAX
\ob T g (Vee)=4 209" MIN.
3 t TR FREE-AIR TEMPERATURE=25"C DIA.
b t sses T 1957 MAX.
E Y : R 1787 MIN.
3% e e e N DIA. |
gu ESaEssEauasinsavenEyy Sui "
S L
.c:’ HHH jsisdausdsse: 210" MAX.
§§ S o 176" MIN.
w 113 a T
x eEctibnszanes 4 ‘lSEATING PLANE
3 T
24 HrH T U U U 030" MAX.
b4 +
%E 4 ™ 388 .500" MIN. 4 LEADS
H ++.002"
3 H ﬂ ﬂk\v—nw‘_oow DIA.
& _H (NOTE 1)
2h = it
i it SHEHEY
T ; T T i
E s e e
) 10 15 20 25 30
COLLECTOR MILLIAMPERES (Ic) 050
N
92Cs5- 11940 100"

Fig.10 - Typical Small-Signal Forward-Current
Transfer-Ratio Characteristic for 2N2708.

TAB
(NOTE 3) ( \2‘/
046" MAX. <NOTE 4

‘036" MIN

92CS5-11941

NOTE 1: THE SPECIFIED LEAD DIAMETER APPLIES IN THE

3 TURNS ZONE BETWEEN 0.050" AND 0.250% FROM THE SEATING
18 pf No. 22 WIRE PLANE. FROMO0.250" TO THE END OF THE LEAD A MAXIMUM
NS g DIAMETER OF 0.021" ISHELD. OUTSIDE OF THESE ZONES,
CN 3D x 3 LONG THE LEAD DIAMETER IS NOT CONTROLLED.
2 TURNS C.T. \ c NOTE 2: MAXIMUM DIAMETER LEADS AT A GAUGING PLANE
No. 18 WIRE Tr v 0.054" + 0.001" - 0.000" BELOW SEATING PLANE 7O BE
3n g 4 A O'UT  WITHIN 0.007" OF THEIR TRUE LOCATION RELATIVE TO
FIoxg LONG o | -8ef MAX. WIDTH TAB AND TO THE MAXIMUM 0.230" DIAMETER
P MEASURED WITH A SUITABLE GAUGE. WHEN GAUGE IS NOT
& -8 \ USED, MEASUREMENT WiLL BE MADE AT SEATING PLANE.
G 10000 P Te NOTE 3: FOR VISUAL ORIENTATION ONLY.
ViN 1060 OHM NOTE 4: TAB LENGTH TO BE 0.028" MINIMUM — 0.0u8"
of = Cs MAXIMUM, AND WILL BE DETERMINED BY SUBTRACTING
L L 1t DIAMETER A FROM DIMENSION B.
- - pt 1
2200
OHMS
Co
L1 Jroooef TERMINAL DIAGRAM
Bottom View
+Vee

92CS-11930

NOTE: (Neutralization Procedure): (a) Connect a200-Mc sig-
nal generator (with Zout =50 ohms) to the input terminals
of the amplifier. (b) Connect a 50-ohm r-f voltmeter
across the output terminals of the amplifier. {c) Apply
Veg and Vec, and with the signal generator adjusted for
10 mv output, tune Cy, Cg, and C3 for maximum output.
(d) tInterchange the connections to the signal generator
and the output indicator. e) With sufficient signal
applied to the output terminals of the amplifier, adjust
Cy foraminimum indication at the input. (f) Repeat steps LEAD 1 - EMITTER
(a), (b), and (c) to determine if retuning is necessary.

LEAD 2 - BASE
Fig.11- Circuit of Neutralized Amplifier Used to LEAD 3 - COLLECTOR
Measure Power Gain at 200Mc for Type 2N2708. LEAD 4 - CONNECTED TO CASE

RADIO CORPORATION OF AMERICA
» SEMICONDUCTOR AND MATERIALS DIVISION SOMERVILLE, N. J.
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RCA RF TRANSISTORS

RCA-2N2857* is a double-diffused epitaxial
planar transistor of the silicon n-p-n type. It
is extremely useful in low-noise-amplifier, oscil-
lator, and converter applications at frequencies
up to 500 Mc with the common-emitter configuration,
and up to 1200Mc with the common-base configuration.

The 2N2857 utilizes a four-lead package which
has the same case dimensions as the JEDEC TO-18
package. All active elements of the transistor
are insulated from the case, whichmay be grounded
by means of the fourth lead in applications re-
quiring shielding of the device.

Maximum Ratings, 4bsolute-Maximum Values:

COLLECTOR-TO-BASE VOLTAGE, Vcp). . - 30 max. volts
QOLLECTOR-TO- EMITTER VOLTAGE, Vepp - 15 max. volts
EMITTER-TO-BASE VOLTAGE, VEm. . . - 2.5 max. volts
OOLLECTOR CURRENT, Ig¢. . . . . . . . 20 max. ma

TRANSISTOR DISSIPATION, P
For operation with heat sink:
At case tep- to 252 C
peratures dﬁove 25° C
For operation in free air:
At free-air Jup to 252 C. . . . 200 max.
temperatures agove 25° C . . Derate at 1,14 mw/DC
TEMPERATURE RANGE:
Storage and Operating (Junction) .
LEAD TEMPERATURE (During secldering):

At distances £ 1/32 inch from
seating surface for 10 sec-
onds max.

300 max, mw
"Derate at 1.72 mw/°C

-65 to +200 °c

..... 230 max. °c

* Formerly Dev. No. TA-2333

Measured at center of seating surface.

0.3-5
C2 wy, {NOTED)

L)
(NoTE 2) 900
VIN

SHE ey

1/2 TURN, No. 16
WIRE; LOCATED
1/4" FROM_AND
PARALLEL TO L2

RESISTANCE VALUES IN OHMS.
CAPACITANCE YALUES IN pf.

— +:;_E
- 92C5~12140
NOTE I: (NEUTRALIZATION PROCEDURE): (A) C%NNECT A
450-Mc SIGNAL GENERATOR (WITH Zout = 50 OHMS) TO THE

[NPUT TERMINALS OF THE AMPLIFIER. (B) CONNECT A 50~OHM
R—F VOLTMETER ACROSS THE OUTPUT TERMINALS OF THE AMPLi—
FIER. (C) APPLY Vgg AND Vcg, AND WITH THE SIGNAL
GENERATOR ADJUSTED FOR 10 mv OUTPUT, TUNE Cq, C3, AND
Cy FOR MAXIMUM OUTPUT. (D) INTERCHANGE THE CONNECTIONS
zo THE SIGNAL GENERATOR AND THE OUTPUT INDICATOR
E) WITH SUFFICIENT SIGNAL APPLIED TO THE QUTPUT TERMI—
NALS OF THE AMPLIFIER, ADJUST C7 FOR A MINIMUM INDICATION
AT THE INPUT. (f) REPEAT STEPS (4a), (8), anp {c¢) 7o
DETERMINE (F RETUNING §S NECESSARY.

NOTE 2: L18&Ly— SILVER-PLATED BRASS ROD, 1-1/2" LONG
x 1/8" DYA. INSTALL AT LEAST 1/2" FROM NEAREST VERTICAL
CHASSIS SURFACE. TAP 1-1/4" FROM CHASSIS END.

NOTE 3: EXTERNAL INTERLEAD SHIELD TO ISOLATE THE
COLLECTOR LEAD FROM THE EMITTER AND BASE LEADS.

Fig.1-Neutralized Amplifier Circuit Used to Measure
450-Mc Power Gain for Type 2N2857.

SILICON N-P-N
EPITAXIAL PLANAR &
TRANSISTOR il

For UHF Applications
in Industrial and Military Equipment

Features:

e High Gain-Bandwidth Product—
fr = 1000 Mc min,

High Converter (450-to-30 Mc) Gain—
Gc = 15 db typ. for circuit bandwidth
of approximately 2 Mc

High Power Gain as Neutralized Amplifier—
Gpe = 12.5dbmin. at 460 Mc for circuit
bandW|dth of 20 Mc

High Power Qutput as UHF Oscillator—
Po = 30 mw min., 40 mw typ. at 500 Mc
20 mw typ. at | Gc
will oscillate at frequencies up to
2 Ge

Low Device Noise Figure—
NF = 4.5 db max. as 450-Mc Amplifier
= 7dbtyp. as 450-t0-30 Mc Converter

Low Collector-to-Base Time Constant—
rptCc = 15 psec max.

TYPE
2N2857

250
DOUBLE-STUB TUNER

(Zp=50 OHMS)

+—————— 3 TURNS No.16
250 WIRE 3/8" 0.D.
x I-H/4" LONG

CAPACITANCE YALUES IN pf.

—VEE tee
92CS-12141
Fig.2-0scillator Circuit Used to Measure 500-Mc
Power Output for Type 2N2857.

2N 2857 8.63
PRINTED IN U.S.A,




2N2857

ELECTRICAL CHARACTERISTICS, At a Free-Air Temperature, Tpa, of 25° C:

TEST CONDITIONS LIMITS j
DC DC DC be bC DC
Collector-(Coll ector-|Base-to- Emitt Collec-
Characteristic Symbol|l Frequency | to-Base |to-Emitter|Emitter cm' e{ cBaset tor Type Units
Yol tage | Voltage [Voltage urrentiburrent|ec,rrent 2N2857
f Ve VeE VBE Ig Ig I¢
Mc volts volts volts ma ma ma |[Min. {Typ. {Max.
Collector-Cutoff
Current I¢cgo 15 0 - | - [0.01f] ka
Collector-to-Base
Breakdown Vol tage BVcBo 0 0.00L ) 304 - f - fvoles
Collector-to-Emitter |pgy
Breakdown Voltage CEO 0 3 15 - - |volts
Emitter-to-Base
Breakdown Vol tage BVeBo 0.01 0 254 - | - |volts
DC Forward-Current
Transfer Ratio hrE 1 3 0| - | 150
Small-Signal Forward- 0.0013 6 2 0| - |22
Current Transfer Ratio | Nfe 100b 6 5 10| - 19
R a - - 1.
Output Capacitance Cob 8 lljgb {8 8 - - 1.2 g§
Input Capacitance Cip 0. 1402 0.5 0 - L4 - pf
Collector-to-Base b
Time Constant rptCe 31.9 6 2 41 - 15( psec
Small-Signal, Commori-
Emitter Power Gain in
Neutralized Amplifier | Spe 4500 6 L5 2.5 - 1) db
Circuit (See Fig.10)
Power Qutput as Oscil- b ‘ -
lator (See Fig.11) Po 500 10 -12 0| - mw
UHF Noise Figure NF 4500 6 1.5 - 4450 db
2 Fourth lead (case) not connected. b Fourth lead (case) grounded. € Source Resistance, R8 = 50 ohms.
12z T T
S Hrr T
E IQ':’“E: H 1 ,; TERMINAL DIAGRAM
R (e e L e e Bottom View
%,_ i T
| & it jan
as s s ;
se f =
§§ off+ f H
N A e el et it v e Hotat
3¢ [i7L COMMON—EMITTER CIRCUIT, BASE INPUT.
» < 4l OUTPUT:SHORT—CIRCUITED, B
1 & it FREQUENCY (f)=100 Mc iss)
] (1} COLLECTOR—TO—EMITTER VOLTS (V=6 Fii
g [[1] FREE—AIR TEMPERATURE (Tra)*25° C  [TiiHiD
0 2ps ij Resapunzes: o
i LE ”94 il el T . LEAD 1-EMITTER
[ 10 15 20 25 30 35 LEAD 2~ BASE
COLLECTOR MILLIAMPERES (Ic)
LEAD 3 -~ COLLECTOR
92C5-12153

LEAD 84— CONNECTED
Fig.3 - Smali-Signal Beta Characteristic T0 CASE
for Type 2N2857.



2N2857

Two-Port Admittance (y) Parameters as Functions
of Collector Current (I.) for Type 2N2857

COMMON —EMITTER CIRCUIT BASE INPUT.[
QUTPUT: SHORT —CIRCUIT i3

COMMON—EMITTER CIRCUIT, INPUT:
SHORT-CIRCUITED.

: FREQUENCY (f) = 450 Mc
5»5 FREE — AIR TEMPERATURE (TFp)=25° C

FREQUENCY (f)=450 Mc
FREE—AIR TEMPERATURE (Tga)=25° C

=
igpey
++
5

pea:
1r

z§ r
o3 «8
E °z
-3 s
g1 °3
zZ : w
-2 1 g
h L
§ 8 HiEistasssazee 28
z E 7 T gv
8 1, ! oy
o 4 z >
Hu shibnpriphe 54
59 HHIBBL 88
$g - SERSSEEE RS -y
o0 s L g 28 i
- —H TR PR E5 k ;
i i f,' ,.g nad §44 8 ¥41__ 3o  ETaEzasasem
Hijil HUHEH R T iilinoasiHnngH i
2 4 6 ] 10 12 (7 2 4
COLLECTOR MILLIAMPERES (I¢) COLLECTOR MILLIAMPERES (1¢)
92CS — 12150 92CS$~-12148
Fig.4 - Input Admittance (yie) Fig.6 - Output Admittance (yoe)

" 'COMMON—EMITTER CIRCUIT, BASE INPUT,
OUTPUT: SHORT-CIRCUITED.
: FREQUENCY (f)=450 Mc

! COMMON—EMITTER CIRCUIT, INPUT:
SHORT — CIRCUITED. i
© FREQUENCY (f) =450 Mc !

}8 o 'FREE—AIR TEMPERATURE (Tra)=25° C . FREE—AIR TEMPERATURE (Tpa}=25°C ! ifi
-5 Bk : ~ o
y2 L
z2 I IR
S J 83 ok
§| 3
z2: =E
- (5
8= 2
om0 g% HH
By 84 |iil :
1Y Y :
g -0 HHH g3 -2 i
Q> 2h 188y ypa aas sdsasens| g a] 13k
;2 HEpHacigE: Seagieysassass -2 I B3 SR LRSI ST EARR BRI f et T
2540 e B3 -shrini b B
e W [§S0gonnnusnes b odhll $8353 $0504 0000000 ROU RIETE pay H
+ > = EERESEISRESERRLRNLEL 20N |3 ncd dinst o8l ++ 1
s + w [354 $15aT SRt BESee! Vit 4 5ok T THT
-0 HHHRTET i ©  -apiii i
0 2 3 10 12 [+ 4 -3 10 2
COLLECTOR MILLIAMPERES (Ic} COLLECTOR MILLIAMPERES (I¢})
92CS -12149 92Cs—-i2i54
Fig.5 - Foruward Transadmittance (yfe) Fig.7 - Reverse Transadmittance (y,,)
DIMENSIONAL OUTLINE
230" MAX,
209 MIN.
DiA.
1957 MAX.
478 MIN.
DiA.
] —
L2107 MAX.
707 MIN.
_LI | NOTE I: THE SPECIFIED LEAD DIAMETER APPLIES IN THE
SEATING PLANE ZONE BETWEEN 0.050" AND 0.250" FROM THE SEATING PLANE.
r 030" max. FROM 0.250" TO THE END OF THE LEAD A MAXIMUM DIAMETER
K 0F 0.021" IS HELD. OQUTSIDE OF THESE ZONES, THE LEAD
8007 MiN. 4 LEADS DIAMETER 1S NOT CONTROLLED.
ﬂ U 0177992 bia.
(NOTE 1) NOTE 2:  MAXIMUM DIAMETER LEADS AT A GAUGING PLANE

0.054" + 0.001" - 0.000" BELOW SEATING PLANE TO BE
WITHIN 0.007" OF THEIR TRUE LOCATION RELATIVE TO MAX.
WIDTH TAB AND TO THE MAXIMUM 0.230"™ DIAMETER MEASURED

080" WITH A SUITABLE GAUGE. WHEN GAUGE IS NOT USED, MEASURE-
\*y.&v MENT WILL BE MADE AT SEATING PLANE.
X moYe 2 NOTE 3:  FOR VISUAL ORIENTATION ONLY.

%

NOTE 4: TAB LENGTH TO BE 0.028" MINIMUM — 0.0u8"
MAXIMUM, ANOWILL BE DETERMINED BY SUBTRACTING DIAMETER
A FROM DIMENSION B.

92CS-1941

-3 -



2N2857

Two-Port Admittance (y) Parameters as Functions
of Frequency (f) for Type 2N2857

COMMON-EMITTER CIRCUIT, BASE COMMON—EMITTER CIRCUIT, INPUT:
INPUT. QUTPUT : SHORT CIRCUTED. T m| SHORT—CIRCUITED.

COLLECTOR—TO~-EMITTER VOLTS (Vcp)=6| COLLECTOR—TO—EMITTER. VOLTS (Vcg)=6
COLLECTOR MILLIAMPERES (Ig)=1.5 COLLECTOR MILLIAMPERES (Ic)=1.5 I T
FREE—AIR TEMPERATURE (TFp)=25° C FREE—AIR TEMPERATURE (Tpal=25° C

28] ] i 8 1 '#ﬁ““
I T ) To I | - L. &t
e 82— L 1 ! IR S SN g ! <
=3 I
~E 1 1 314 —- —
g gl / £2,
-~ z
e B i Rt i Rl a1 BT
] 16— e 4 e L1 - 2
5 o / <’g 10
=a b 5 a8
gm 12—~ ot D; 8—-+—+ - i s 1
ee T T i - AN 28
_ _ [ B 9 \ 9. ] o
82 [ / ) S g e—- ME S - Y 4
- o 8 = - =%
2§ I - fo_fo | | z8 4 - 41— RN 4 - &/~
s panly
- | et ] "~ ) -t —- ——— ol 1
0 e 0 L H— L
) 3 4 8 a q
10 100 1000 10 100 1000
FREQUENCY—Mc FREQUENCY —Mc
92C5-12157 92¢5-12156
Fig.8 - Input Admittance (y;,) Fig. 10 - Qutput Admittaence (y,,)
T COMMON —EMITTER CIRCUIT, BASE INPUT. COMMON—EMITTER CIRCUIT, INPUT : SHORT — CIRCUITED
I[ } % % OUTPUT : SHORT — CIRCUITED. COLLECTOR~TO—EMITTER VOLTS (Veg)=6
11T COLLECTOR—TO—-EMITTER VOLTS (VCE)=6| COLLECTOR MILLIAMPERES (Ic)=i.5
. 50 ~TT]COLLECTOR MILLIAMPERES (Ic)=1.5 FREE —AIR TEMPERATURE (TFp)=25°C
;‘*§ FREE —AIR TEMPERATURE (Tgap)=25° C = 10
o3 3z
o ~ w % &
23 o5 8—- Q@ f
=2 = z:2 /
g es g 23
8% - N ol
z2 wl
oo N n Lo
(=308 N a2
aw I ® J 4.
woe o w
uz we
as N wZ 4
ga 0 25 /
'l a9
(=351 €3 B
Q2 -z / o,
4] wo Q*L
o no 2 m
25 . / /
x T - _ A
£ o y o gy
0 100 200 300 400 500 600 700 800 900 3 Y c 3
FREQUENCY—-Mc o 100 1000
FREQUENCY—Mc
92cs-12152 92c5— 12151
Fig.g- Forward Transadmittance (yfe) Fig.11 - Reverse Transadmittance (yre)

Information furnished by RCA is believed to be accurate and re-
liable. However, no responsibility is assumed by RCA for its use;
nor for any infringements of patents or other rights of third
parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of RCA.

RADIO CORPORATION OF AMERICA

e ELECTRONIC COMPONENTS AND DEVICES HARRISON, NJ.
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. *“ ORTH HlLLs . WIDEBAND TRANSFORMERS

Application: Antenna Matching Pulse Applications
Interstage Coupling Voltage Step-Up
Impedance Matching DC Isolation
Computer Drive Circuits Phase Detectors
Signal Distribution Balanced Modulators
Type No. Impedance Ratio Nom . BW Type No. Impedance Ratio Nom. BW
MC MC
0300 50 Unb/100 Bal .1-100 1300 75 Unb/100 Bal .1-125
0400 50 Unb/150 Bal .1-100 1400 75 Unb/150 Bal .1-65
0500 50 Unb/200 Bal .1-100 1500 75 Unb/200 Bal .1-125
0501 50 Unb/300 Bal .1-100 1501 75 Unb/300 Bal .1-100
* 0502 1600 75 Unb/450 Bal .1-50
0600 50 Unb/450 Bal .1-60 1700 75 Unb/600 Bal .1-60
0700 50 Unb/600 Bal .1-65 1701 75 Unb/600 Bal .3-100
0800 50 Unb/800 Bal .1-65 1702 75 Unb/600 Bal .007-8
0900 50 Unb/1200 Bal .1-30 1800 75 Unb/800 Bal .2~30
1100 75 Unb/75 Bal .1-125 1900 75 Unb/1200 Bal .1-30
1901 75 Unb/1850 Bal .01-10
* 0502 50 Unb/200 Unb .1-60 7700 600 Unb/600 Bal .1-30

(Connector designed to mate with Hewlett-Packard 460A
wideband amplifier). Series DB has BNC and DC has type N.

North Hills wideband transformers have been designed for low insertion loss (less than

1 db) and good matching characteristics over wide frequency ranges. Balanced windings
feature extremely low unbalanced voltages and have a center tap. Data sheets with in-
dividual curves are available upon request.

Six case styles are offered . Series AA models are potted in anodized aluminum cases
with a terminal board on the bottom and two 6-32 spade mounting boits. Series BA are
hermetically sealed with glass terminals at the case ends and two 4-40 studs on the bottom
for mounting. Series BB is similar to BA except that the unbalanced connection is provided
by a BNC connector. Series CA is a miniature plug-in unit. Provisions are made
for plugging into a 7-pin socket or printed circuit board. This unit is 7/8" outside

A great variety of different requirements is being met by special designs. Your specif-
ications for custom wideband transformers may be submitted for quotation.

Prices
All Types AA & CA Case 0502 DB & DC Case All Type BA & BB Case
Quantity Quantity Quantity
- 1-99 $14.95 1-99 $29.50 1-99 $17.50
100-249 9.95 100-249 19.50 100-249 11,50
250-499 8.95 250-499 18.50 250-499 10,50
500-999 7.95 500-999 17.50 500-999 9.50

All prices subject to change without notice -
FOB Glen Cove, Long Island, New York

Terms 1/2% 10 days, net 30 days 4/63

Y

ALEXANDER PLACE, GLEN COVE, NEW YORK .

DN



SECTION 5600

NI NORTH HILLS WIDE BAND TRANSFORMERS

r_'%_.] BA BB [——2';21—-‘
|7 T
4

BNC
BULXMEAD
MECETACLE

uG-823/u

For Hewlett-Packard Instruments

i Fﬁ-ﬂ—* 0502 DB S
e o}

50Q to 2000

PIN NUMBERS FOR
REFERENCE ONLY

LOW CAPACITY 2000
MALE CONNECTOR
(HP 46A-76C)
MATE WITH (HP 46A-95A)
FEMALE CONNECTOR

/BNO BULKHEAD
RECEPTACLE
Us 625/

MATE WITH 7 PIN
MINIATURE SOCKET
OR PRINTED
CIRCUIT

Several case styles are offered. Series AA models are potted

= Antenna Matching

= |nterstage Coupling

= [mpedance Matching

a Computer Drive Circuits
= Signal Distribution

= Pulse Applications

» Yoltage Step-Up

= [C [solation

= Phase Detectors

= Balanced Modulators

Type Number Impedance Ratio

Type Number Impedance Ratio

1100 75 Unb/75 Bal 0100 50 Unb/100 Bal
1300 75 Unb/ 100 Bal 0300 50 Unb/ 100 Bal
1400 75 Unb/150 Bal 0400 50 Unb/150 Bal
1500 75 Unb/200 Bal 0500 50 Unb/ 200 Bal
1501 75 Unb/300 Bal 0501 50 Unb/300 Bal
1600 75 Unb/450 Bai 0600 50 Unb/450 Bal
1700 75 Unb/600 Bal 0700 50 Unb/ 600 Bal
1701 75 Unb/ 600 Bal 0800 50 Unb/800 Bal
1702 75 Unb/ 600 Bal 0900 50 Unb/1200 Bal

1703* 75 Unb/600 Bal
1800 75 Unb/800 Bal
1900 75 Unb/1200 Bal

1901 75 Unb/ 1850 Bal * 10 watts

05 01 02 05 1 2 5 10 20 50 100 200

Data sheets for all types on request.

Frequency range on most of these units is contained within 100
kc to 100 mc band except for the 1702 and 1901 which cover
from 20 kc to 8 mc. Data sheets with individual curves are
available upon request.

North Hills wideband transformers have been designed for low
insertion loss (less than 1 db) and good matching characteristics
over wide frequency ranges. Balanced windings feature ex-
tremely low unbalanced voltages and have a center tap. Com-
plete specifications are available upon request.

ik

- -
——___
- -

—_——

r—_—_—-

in metal cases with a terminal board on the bottom and two
6-32 spade mounting bolts. Series BA are hermetically sealed
with glass terminals at the case ends and two 4-40 studs on
the bottom for mounting. Series BB is similar to BA except
that the unbalanced connection is provided by a BNC connec-
tor. The above three styles are rated at 2 watts and the GA
and the FA package are rated at !2 watt. Both GA and FA pack-
ages are hermetically sealed. Note that the types AA, BA and
BB feature lower cut-off frequency than that of type GA and
FA because of the larger core dimensions.

TYPICAL CHARACTERISTICS (0501)
V.S.W.R. OF 50 ~ INPUT

30
\ I 20
N [ 1is%
-

10

F(MC)
INSERTION LOSS

\ 3
158
N 1 5
I\. N e, o o2

05 01 02 05 1 2 5 10 20 50 100 200

F(MC)
*Data sheets for all types on request.

Custom units designed to your specifications include power
wideband transformers, pulse transformers, filters and adjust-
able inductors. See Radio Masters for standard line of in-
ductors.

See Section 4000 for Precision AC and DC Power Sources.
See Section 2900 for Bridges, Potentiometers, Galvanometers, etfc.
See Variable Inductors in Section 1800.

NORTH HILLS

"'s ELECTRON!CS, INCORPORATED
GLEN COVE, LONG ISLAND, N.Y.

® U.C.P., Inc.



WIDEBAND TRANSFORMERS 701 AA

75~ UNBAL : 600" BAL gg

T PRY : 75~ UNBALANCED
SEC : 600~ BALANCED WITH CENTER TAP

TYPICAL CHARACTERISTICS

NORMALIZED IMPEDANCE OF 75-* INPUT {,5_. — 2 600
+2.0
+ 1.5

+1.0
AN +o0.5 DIELECTRIC STRENGTH: 1000V RMS TEST MAXIMUM
[} MAXIMUM POWER LEVEL @ | WATT
)
/, - 0.8
- .0 SECONDARY BALANCE Vs > 40 DB AT 3MC
05 0. 0.2 0.8 ZF(Mcs 0 20 50 100 200 ) Yy > 38DB AT 30MC

78 —v — 300 T
EQUIVALENT INPUT Rp Xp — 600 's
IMPEDANCE 2o
$ 718 L
b pes
T

1701 AA] —

V.S.SW.R. OF 75 INPUT

]
/|, vSwr
A HI
“{ 1.0 8 + F
.05 ou 0.2 0.5 ! 2 5 10 20 0 100 200 E
F(MC)
A3 0

¢ WT-56 GM

INSERTION LOSS
3

N\ ?Loss (0B)
- 1

— 0 § wT-70 GM

.05 0.1 0.2 0.5 1 2 5 10 20 50 100 200
1701 BB, 28
32
INSERTION LOSS = L INSERTION LOSS OF TWO CASCADED l r

TRANSFORMERS @

BNC
BULKHEAD
Hi RECETACLE
Q 15 +— 3 ue-e25/U
= [ :_%
T = = = 4 b
1 WT-80 GM
RTH ILLS -
ELECTRONICS, I N C . < suen o
~_ 1701
! Litho in U.S.A
GLEN COVE, L. I|., N. Y. ORiole 1-5700 \\\
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